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Abstract 

In this project, we introduce an intelligent system that controls .the 
traffic lights, to help emergency vehicles such as ambulance, fire engine, 
police cars, etc ... to reach the place they need in due course and without 
any late, so drivers that have emergency case will not spend unnecessary 
time waiting for the traffic lights to change, because the system will give 
them the priority to have the green light. 

ZigBee technology will be used as wireless communication, a 
transmitter on the emergency vehicle side and a receiver on the traffic light 
side. 

If there is an emergency case, the system will be triggered and XBee 
receivers will be ready to receive signal from emergency car transmitter. 

Then signal will be sent to the central XBee receiver which will 
pass it to the traffic light's microcontroller that will change the normal 
behavior of the traffic lights by setting the desired one as green and the 
others as red. 
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1.1 Overview 

In this chapter, we will provide general literature information that is important to address 
our project. This includes an explanation of the main idea, motivations, and the project 
objectives. After that we will give a look at some related works. 

1.2 Project Motivations: 

Souls of our lovers are the most important thing of our life, nothing can compensate their 

absence, also regret will never change anything and it will be too late if we didn't do something 
for them. 

So we thought to find a solution of the traffic jams on the traffic light; because it is not 

acceptable to the emergency vehicles, by allowing the emergency vehicle to reach the place it 

need in due course without problems in heavy traffic .. 

1.3 Main idea: 

We intend to build a system that allows the emergency vehicle to communicate with the 
traffic light using ZigBee technology then open the road in front of it by controlling the traffic 
lights using PIC microcontroller. 

1.4 Objectives: 

We aspire in our project to achieve several objectives: 

I. We would like to create a safety traffic environment. 
2. Control the traffic light system in a way that serve our needs 
3. Create a traffic environment that appreciate special cases and help them to reach the 

place they need in due course. 
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1.5 Idea and approach: 

The project idea is standing on finding a way that allows emergency vehicles to 
communicate with the traffic light in order to open the road in fort of them without any 
hindrance or late, and this idea is going to work as what we are going to show : 

We are going to provide the system a technique that consists of a transmitter on the 
emergency vehicle and a receiver on the traffic light, we have many choices about what is this 
kind of technique that we will use? It could be a ZigBee or Wi-Fi or IR, and whatever was the 
technique we are going to use, the communication mechanism will be done in this way: if there 
is an emergency vehicle with an emergency case the driver will run the transmitter device, and 
the receiver device on the traffic light will receive signal so this traffic will set as green, and the 
others will set as red. 

But there are many things should be considered like the distance between the emergency 
car and the traffic light; if the distance is large we will need more nodes in the road, and we 
should know the time delay that the traffic light needs to set green from red, and finally a 
microcontroller is used to connect the traffic lights together and control them. We may use 
assembly language or C language to program the microcontroller. 

1.6 Block Diagram: 

Here is the main block diagram of the project as shown in figure 1.1.It includes all 
components we are going to use in this project. The emergency vehicle is communicating with 
the traffic light through ZigBee network, and the PIC microcontroller controls the system. 

Emergency car I Microcontroller Traffic light 

Figure 1.1: Main Block Diagram 
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1.7 Requirements: 

1.7.1 Hardware: 
1. ZigBee devices. 
2. Microcontrollers. 
3. Traffic light. 

1.7.2 Software: 
Programming software by using Micro C to program the microcontroller which 

responsible for many tasks. 

1.8 Challenges: 

We expect to face many challenges in this project. We can summarize them below: 
1. Availability of electronic chips. 
2. Dealing with a new technology (ZigBee). 
3. Knowing the direction that the vehicle will come from. 
4. Getting accurate measurements of power. 
5. How to program microcontroller to achieve the goals on hardware. 

1.9 Related works: 

1.9.1 Innovative congestion control system for ambulance using ZigBee [1] 

This project is designed to clear the traffic and provide a way to the ambulance so that the 
patient can be saved out of danger, and will reach the hospital safely and as quickly as possible. 

To implement this application the project uses ZigBee technology, and here we will see how 
the system works: 

• The ambulance will be attached with the ZigBee transmitter and the ZigBee receiver will 
be attached at the traffic signals. 

• This transmitter transmits a unique code continuously into air. 
• When the ambulance is near to the traffic signals, the unique code will be transmitted by 

the transmitter from the ambulance, will be received by the ZigBee receiver at the traffic 
signals. 
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The system uses a compact circuitry built around Flash version of AT89S52 microcontroller 
with a non-volatile memory capable of retaining the password data for over ten years. Programs 
are developed in embedded C. ISP is used to dump the code into the microcontroller. 

1.9.2 Traffic controlling system for ambulance [2] 

This project is designed to clear the road for the ambulance before it has reached the 
traffic signal spot, the ambulance/fire engine mobility at any place is unpredictable, and at the 
same time the traffic signal at the crowded palace is also the important one. So this project has 
designed in order to meet up the above condition without any loss. 

The components used in this project are PIC microcontroller, RF transmitter and receiver and 
traffic signal lamps. 

The operation of this project is the direction of the movement of the ambulance is given 
from the keypad to the microcontroller from which the signal is given to the low power 
transmitter which transmits the signal to the receiver present in the predestine stamp. 

Then the received signal is given to the microcontroller which gives the signal to the 
relay, as soon as the relay receives the signal it will change the signal in order to give way to the 
arriving ambulance at the same time the remaining pathway will gets blocked. 

After that the normal condition will be achieved for the passers. 

1.9.3 Intelligent traffic light control for ambulance [3] 

The idea behind this project is that drivers will not spend unnecessary time waiting for 

the traffic lights to change. The system developed is able to sense the presence or absence of 

vehicles within certain range by setting the appropriate duration for the traffic signals to react 

accordingly. The system can help to solve the problem of traffic congestion. 

The main aim in designing and developing of the Intelligent Traffic Signal system it 

consists of a computer that controls the selection and timing of traffic movements in accordance 

to the varying demands of traffic signal as registered to the controller unit by sensors (IR). 

The second part is the signal visualization or in simple words is signal face. Signal faces 

comprise of solid red, yellow, and green lights. The third part is the detector or sensor. The 

sensor or detector is a device to indicate the presence of vehicles. 
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RF BASED Ambulance alert system which civilian drivers elect to stay off the road in 

which the 3 signals automatically falls red and green to ambulance by sending signal from 
ambulance to traffic light sensor system. 

We have many differences between the previous projects and our project, we will 
mention them as the following: 

We see in [I] and [4] Systems used old AT89C51 microcontroller that has very 
less internal memory and no in-built ADC, and [4] system used CAN BUS controller 
which leads to complicated design and cost of the system more because of CAN BUS 
controller. Also power requirement will be more in systems that used AT89C51 
microcontroller, but in our project we will use low consuming power microcontroller. 

But [2] and [3] systems used RF transmitter and receiver, while in our project 
we will use ZigBee technology, this technology has many features which will be 
discussed later. And in [3] IR sensors are used to detect the presence of the emergency 
car, while in our project we don't need that; because we depend on ZigBee signal 
power measurements. 

And project "Intelligent Cross Road Traffic Management System" [5] provide 
integrated intelligent traffic light system using photoelectric sensors distributed on long 
range before and after traffic light on roads. The system has the ability to open a 
complete path for such emergency cases until reaching the target but this system does 
not operate well when more than one emergence Vehicle come on the signal from two 
sides. But this problem is solved in our project. 

1.10 Project Plan: 

The project contains the following stages: 

Stage 1: Preparing the project 
The idea of the project is selected. Then the required information will be collected. Discussion 
with supervisor, and dividing tasks between the members of the group. 

Stage 2: Analysis overview 
Here, a deep and complete study for all options of the project will be made. 

Stage 3: Study of the principles 
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In this stage, we study the behavior of traffic lights, ZigBee, microcontroller, sensors and any 
other technologies or information needed. 

Stage 4: Documentation and writing 
Writing and preparing the documentation of the project was start from the first stage, and will 
continue till the end of the project. 

Stage 5: Microcontroller programming 
Writing the code of the normal behavior of the traffic light, and then downloading to 

microcontroller. 

Stage 6: software implementation 
The programming of Xbee isstarted, writing the project codes and then downloading to 
microcontroller. 

Stage 7: hardware implementation 
Here we build the project circuits and making some testing. 

Stage 8: system measurement 
Here many experiments were taken the values of received signal strength in Xbee to develop 
system with accurate results and avoid false alarms. 

Stage 9: system testing 
Here the system will be tested to conclude the system performance. 

Phase 10: Writing documentation 
The documentation will continue from the first phase till the end in parallel 

Table 1.1:Summary of the Project Plan 

: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

k 
Stagel 

Stage2 

Stage3 

Stage4 

Stage5 
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: 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

k 
Stage6 

Stage7 

Stage8 

Stage9 

StagelO 

1.11 Estimated cost and budget: 

The whole estimated cost will be approximately 340 JD, and the table below shows the cost of 
each hardware component. 

Table 1.2: Estimated cost and budget 

1-Xbee PRO 63Mw 50X5 JD 

2-PIC18f4550 

3-PIC18f5025 

Total 

lOXl JD 

15X4 JD 

340JD 

1.12 Report contents: 

This project is mainly divided into six chapters, each of them describes specific part of the 

project as following: 
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Chapter One: includes the introduction, provides a general overview about the project, its 

objectives, importance, related works, challenges, time planning, estimated cost and at the end 
the report contents. 

Chapter Two: discusses the theoretical background. It starts with general information about the 

project, wireless communication, ZigBee, sensor and then discusses the important aspects of the 
system including PIC microcontroller, sensors. 

Chapter Three: presents the general system design concepts. It includes system objectives, 
general system block diagram, description of system design ' components and operation'. 

Chapter Four: 

discusses a detailed description about subsystem and overall hardware and software system 
design, with showing components pins and feat, and software requirements to perform the 
required function of the robot. 

Chapter Five: It contains the result of Xbee power, testing to the whole system, and 
performance. 

Chapter Six: This chapter will consider system achievement, real outcome, conclusion, and 
recommendation for developing the system in future. 
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2 

Chapter Two 

Theoretical Background 

2.1 Wireless communications 

2.2 ZigBee Theory 

2.3 Micro-controller 

2.4 Traffic light 

2.5 Sensors 



2.1 Wireless communications: 

2.1.1 Introduction: 

Wireless communications is a rapidly growing segment of the communications industry, 
with the potential to provide high-speed high-quality information exchange between portable 
devices located anywhere in the world. Potential applications enabled by this technology include 
multimedia Internet-enabled cell phones, smart homes and appliances, automated highway 
systems, video teleconferencing and distance learning, and autonomous sensor networks, to 
name just a few. However, supporting these applications using wireless techniques poses a 
significant technical challenge. 

And in the time the wireless system has many advantages it also has disadvantages and 
here are some of them: 

Advantages: 

• Rapid installations 
• Easy maintenance 
• A voided ground potential rise problems 
• Low cost 
• Mobility 
• Safety due to remote operations 
• Warm th of a van outside a freezing substation 
• More data and additional capabilities 
• Low costs- 7 times less in TV A's example 

Disadvantages: 

• Eavesdropping on data 
• Unauthorized control commands 
• Unreliable, disrupted communications in the noisy 
• Substation environment 
• Hackers, viruses, and worms 

2.1.2 Types of Wireless Systems: ► Older wireless systems: 
• Microwave systems 
• Multiple address radio systems 
• Satellite, particularly VSAT 
• Spread spectrum radio, 928 MHz point-to-point 

► New wireless systems: 
• Wi-Fi- IEEE 802.11: 



Wi-Fi is the name given by the Wi-Fi Alliance to the IEEE 802.11 suite of standards. 802.11 
defined the initial standard for wireless local area networks (WLANs), but it was considered too 
slow for some applications and so was superseded by the extensions 802.11 a and 802.11 b, and 
later by 802.11 g (with the release of 802.1 ln still pending). 

The benefits of a Wi-Fi network: Extended Access; the absence of wires and cables extends 
access to places where wires and cables cannot go or where it is too expensive, Cost Reduction, 
Mobility. 

• Bluetooth™ - IEEE 802.15.1: 

The IEEE 802.15.1 standard is the basis for the Bluetooth wireless communication 
technology. Bluetooth is a low tier, ad hoc, terrestrial, wireless standard for short range 
communication. It is designed for small and low cost devices with low power consumption. [ 6] 

• ZigBee- IEEE 802.15.4: 

ZigBee is a low tier, ad hoc, terrestrial, wireless standard in some ways similar to 
Bluetooth. 

The IEEE 802.15.4 standard is commonly known as ZigBee, but ZigBee has some 
features in addition to those of 802.15.4. It operates in the 868 MHz, 915 MHz and 2.4 GHz 
ISM bands. [7] 

• WiMax- IEEE 802.16. 

2.2 ZigBee Theory: 

2.2.1 Introduction: 
The past several years have shown a rapid development of wireless networking. 

However, up to now wireless networking has been mainly focused on high speed 
communications, and long range applications, such as the IEEE 802.11 Wireless Local Area 
Network (WLAN) standards. And there are many wireless monitoring and control applications in 
industrial and home environments, which require longer battery life, lower data rate and less 
complexity than the existing standards. So, the ZigBee Alliance and the IEEE decided to join 
forces, and ZigBee is the commercial name for this new technology 

"ZigBee is a specification for a suite of high level communication protocols using small, 
low-power digital radios based on an IEEE 802 standard for personal area networks. 
Applications include wireless light switches, electrical meters with in-home-displays, and other 
consumer and industrial equipment that require short-range wireless transfer of data at relatively 
low rates. The technology defined by the ZigBee specification is intended to be simpler and less 



expensive than other WPANs, such as Bluetooth. ZigBee is targeted at radio-frequency (RF) 
applications that require a low data rate, long battery life, and secure networking." - Wikipedia 

2.2.2 Name of ZigBee: 
The name ZigBee is said to come from the domestic honeybee which uses a zigzag type 

of dance to communicate important information to other hive members. This communication 
dance (the ZigBee principle) is what engineers are trying to emulate with this protocol-a bunch 
of separate and simple organism that join together to tackle complex tasks. 

2.2.3 Types of ZigBee devices: 
I. Coordinator: coordinator organizes the network and maintains routing tables. Each 

network must be formed by a coordinator and never have more than one coordinator in 
the network regardless of the network topology. 

2. Router: router can talk to the coordinator and to other routers. It reduces function end 

devices. It can join existing networks, send information, receive information, and route 
information. A network may have multiple router radios. 

3. End devices: can join networks and send and receive information. They can talk to 
routers and the coordinator, but not to each other. End devices always need a router or the 
coordinator to be their parent device. ZigBee networks may have any number of end 
devices. 

2.2.4 ZigBee networking: 
ZigBee can use mesh networking, which may extend over a large area and contain 

thousands of nodes. Each FFD in the network also acts as a router to direct messages .the routing 
protocol optimizes the shortest and most reliable path through the network and can dynamically 
change, so as to take evolving conditions into account. This enables an extremely reliable 
network, since the network can heal itself if one node is disabled. ZigBee networks are primarily 
intended for low duty cycle sensor networks. anew network node may be recognized and 
associated in about 30 ms. Waking up a sleeping node takes about 15 ms , as does accessing a 
channel or transmitting data. ZigBee applications benefit from the ability to quickly attach 
information,detach, and go to deep sleep, which results in low power consumption and extended 
battery life. 



Figure 2.1: ZigBee network devices 

2.2.5 ZigBee Channels and Frequencies 

The RF spectrums and available channels for ZigBee (802.15.4) and Wi-Fi (802.1 lb/g) 
overlap. You can avoid interference by selecting ZigBee channels that use the free space 
between two neighboring 802.11 channels, plus channels 25 and 26.[8] 

2.2.5.1 Zig Bee, Wi-Fi & Bluetooth Channels 

In figure below, 802.15.4 Orange channels have more substantial overlap with Wi-Fi 
channels 1, 6 & 11, while Grey channels have less overlap with Wi-Fi channels 1, 6 & 11. 



ZigBee 
(802.15.4") 
CSMA-CA 

802.15.4° Channel 
Center Freq (MHz) 

~ 
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

2405 2410 2415 2420 2425 2430 2435 2440 2445 2450 2455 2460 2465 2470 2475 2480 

3 
802.11b/g 
Channel" Center 
Freq (MHz) 2412 

6 
2437 

11 
2462 

Blue tooth 
(802.15.1) FHSS 

Freq Range (MHz) 
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2483.5 

Figure 2.2:ZigBee, Wi-Fi & Bluetooth Channels 

Channels 1, 6 & 11 are recommended for use in the USA. Only 2.4 GHz channels are shown 
above. Different countries have different 802.11 big channels. 

2.2.6 Why we chose ZigBee: 
In our view ZigBee is the most appropriate wireless communication technologies for our 

project. There are many reasons why that is so, some of them are: 

• High Reliability: ZigBee is based on a solid global standard 'IEEE 802.15.4 standard' 
and it uses modulation technologies like DSSS and CSMA/CA which are among the best 
in the respective domains. So our project tends to be more reliable and easy to 
demonstrate anywhere. 

• Easy to Use: Most ZigBee modules can directly be interfaced to microcontrollers, 
processors and even computers. And they available with a direct UART communication 
interface; this makes communication even easier ... 

• Easy Availability: These days many ZigBee modules are available easily and made by 
various manufacturers so it is easily accessible and it's not worthless to us to use it 

• Infinite Possibilities: ZigBee is the most flexible communication technology and it can be 
used for any type of wireless communication like simple point to point communication, 
Star network, Mesh Network, Tree Networks because ZigBee protocol has flexible 
architecture. 

And ZigBee has good data rate and low cost. .. 

2.2.7 Comparing ZigBee System Ranges [9] 
The range of the RF system is defined as the maximum distance between the signal source or 
transmitter and the receiver. Range depends on three factors: 
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I. Effective transmit power 

2. Propagation path loss 

3. Minimum sensitivity of the receiver defined SNR that is necessary to ensure the target error 
rate. The SNR is a function of the energy per bit to the noise density ratio (Eb/No), the data rate 
(R), and the receive bandwidth (B): 

SNR = (Eb/No) x(R/B) 

The effective transmit power is the power transmitted by the source in the direction of the 
receiver. Effective transmit power is derived from adding the transmit antenna gain (Gt) to the 
total transmit power (Pt). Similarly, receiver antenna gain (Gr) and receiver power (Pr) can be 
derived from the following equation: 

Pr= Pt+ Gr+ Gt-L 

Where: Pr = Receiver power in dBm 

Pt = Transmitter power in dBm 

Gr = Receiver antenna gain in dB 

Gt = Transmitter antenna gain in dB 

L = Attenuation at 2450 MHz in dB 

Assuming the antenna gain for both transmitter and receiver is0 dB,for free-space propagation 
condition receives power is given by: 

Pr= Pt- (I 0nlog d +50.3); n: path loss exponent. 

2.2.8 OSI Model: 

It is a product of the Open Systems Interconnection effort at the International. It is a 
prescription of characterizing and standardizing the functions of a communications system in 
terms of abstraction layers. Similar communication functions are grouped into logical layers. A 
layer serves the layer above it and is served by the layer below it. 

The OSI divides telecommunication into seven layers; the layers are in two groups. The 
upper four layers are used whenever a message passes from or to a user. But, the lower three 
layers are used when any message passes through the host computer. 
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Figure 2.3:0SI versus ZigBee 

2.2.9 Repeaters: 
A repeater is an electronic device that receives a signal and retransmits it at a higher level 

or higher power, or onto the other side of an obstruction, so that the signal can cover longer 
distances. 

., Easy to expand a network over a large distance. 

r Connection between various types of media [e.g. fiber optic, UTF, coaxial cable] is 
possible. 

Repeaters disadvantages: 

• Traffic c2I11:1ot be filtered to ease congestion. 
,. A repeater cannot work across multiple network architectures. 
And here in our project we are going to use the repeater as unicast communication (point -to 
point) connection, which is between a single sender and a single receiver. 
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Figure 2.3:0S1 versus ZigBee 

2.2.9 Repeaters: 
A repeater is an electronic device that receives a signal and retransmits it at a higher level 

or higher power, or onto the other side of an obstruction, so that the signal can cover longer 
distances. 

Repeaters advantages: 

... ·· - 

• Easy to expand a network over a large distance. 

• Connection between various types of media [e.g. fiber optic, UTF, coaxial cable] is 
possible. 

Repeaters disadvantages: 

■ Traffic cannot be filtered to ease congestion. 

■ A repeater cannot work across multiple network architectures. 
And here in our project we are going to use the repeater as unicast communication (point-to 
point) connection, which is between a single sender and a single receiver. 



2.3 Micro-controllers: 

2.3.1 Introduction: 
A micro-controller is a very powerful device, which is capable of executing a series of pre 

programmed tasks and interacting with other hardware devices. 

A single microcontroller can be sufficient to control a small mobile robot, an automatic 
washer machine or a security system. Any microcontroller contains a memory to store the 
program to be executed, and a number of input/output lines that can be used to interact with 
other devices, like reading the state of a sensor or controlling a motor. Nowadays, 
microcontrollers are so cheap and easily available. 

The prime use of a microcontroller is to control the operation of a machine using a fixed 
program that is stored in ROM and that does not change over the lifetime of the system. The 
microcontroller design uses a much more limited set of instructions that are used to move code 
and data from internal memory to the ALU. 

Many instructions are coupled with pins on the IC package. The pins are programmable 
independently, that is capable of having several different functions depending on the program. 
The microcontroller is concerned with getting data from and to its own pins; architecture and 
instruction set are optimized to handle data in bit, byte and word size. 

Every application demands a microcontroller, today there is no such electronic instrument or 
robot that functions without microcontroller. Generally for any application, often designers chose 
the 8- bit controller, because they are most popular microcontrollers in use today, another 
important aspect is cost effective. 

Programming PIC microcontrollers is a simple three steps process, write the code, compile 

the code, and upload the code into a microcontroller. Writing the code can be developed in many 

Integrated Development Environments (IDE's) for example, MPLAP IDE, which is software, 

developed for the Microchip appliances like the PIC microcontrollers. 

Compiling the code can be done by the compiler of the MPLAP IDE. There are different 

compilers associated to work with PIC chips, C compiler, or assembler for assembly language 

codes, and many more. The decision of which compiler to use, is a developer choice, depending 

on the application which the PIC is a part of. The final step of programming the PIC chip is 

uploading the code into the microcontroller. This can be done also in MPLAP IDE or in different 

programs that are connected to the PIC kit (figure 2.4). The uploading process can be done 

through a USB cable or other connecting technique depending on the kit that contains the PIC 

chip. 



Figure (2.4) PICDEMTM FS-USB Evaluation Kit for PIC18F4550 

In this project the PICI 8F4550 is used. This is due to its availability, cheap cost, easy 

programming (75 Instructions single-word instruction. The PICI 8F4550 has all what is needed for 
the implementation of this project, enough VO Ports, A\D, and USART. 

2.3.2 Description of PIC18 Microcontrollers: 

The PIC18F4550/2455/2550/4455 family offers the advantages of all PIC18 
microcontrollers- namely, high computational performance at an economical price - with the 
addition of high-endurance, Enhanced Flash program memory. 

On top of these features, this family introduces design enhancements that make these 
microcontrollers a logical choice for many high-performance, power sensitive applications. 

Devices in the PIC118F4550/2455/2550/4455 family are available in 40/44-pin packages. 
All of the devices in the PICI 18F4550/2455/2550/4455 family incorporate a range of features 
that can significantly reduce power consumption during operation (Nano Watt TECHNOLOGY). 
Key items include: 

• Alternate Run Modes: By clocking the controller from the Timerl source or the internal 
oscillator block, power consumption during code execution can be reduced by as much as 90%. 

• Multiple Idle Modes: The controller can also run with its CPU core disabled but the peripherals 
still active. In these states, power consumption can be reduced even further, to as little as 4%, of 
normal operation requirements. 

• On-the-Fly Mode Switching: The power managed modes are invoked by user code during 
operation, allowing the user to incorporate power-saving ideas into their application's software 
design. 

• Low Consumption in Key Modules: The power requirements for both Timerl and the 
Watchdog Timer are minimized. 



2.3.3 Special Features: 

• Memory Endurance: The Enhanced Flash cells for both program memory and data EEPROM 
are rated to last for many thousands of erase/write cycles-- up to 100,000 for program memory 
and 1,000,000 for EEPROM. Data retention without refresh is conservatively estimated to be 
greater than 40 years. 

• Self-Programmability: These devices can write to their own program memory spaces under 
internal software control. By using a boot loader routine located in the protected Boot Block at 
the top of program memory, it becomes possible to create an application that can update itself in 
the field. 

• 10-Bit AID Converter: This module incorporates programmable acquisition time, allowing for a 
channel to be selected and a conversion to be initiated without waiting for a sampling period and 
thus, reducing code overhead. 

• Extended Watchdog Timer (WDT): This enhanced version incorporates a 16-bit prescale, 
allowing an extended time-out range that is stable across operating voltage and temperature 

2.4 Traffic lights: 

2.4.1 Overview: 
Traffic lights or what can be called stoplights, traffic lamps, traffic signals, signal 

lights, robots [10] was first installed in London in 1886 by the railway engineer J. P. Knight , 
They resembled railway signals of the time, with semaphore arms and red and green gas lamps 
for night use. 

The modem electric traffic light was by police officer William L.Potts of Detroit, 
Michigan, decided to do something about the problem caused by the ever increasing number of 
automobiles on the street. what had in mind was figuring out away to adapt railroad signals for 
street use. Potts used red, amber, and green railroad and about thirty -seven dollars worth of wire 
and electrical controls to make the words first 4-way three color traffic light. it was installed in 
1920 on the comer of Woodward and Michigan A venues [ 11]. 

A traffic signal, controls vehicle traffic passing through the intersection of two or more 
roadways by giving a visual indication to drivers when to proceed, when to slow, and when to 
stop. In some cases, traffic signals also indicate to drivers when they may make a tum. These 
signals may be operated manually or by a simple timer which allows traffic to flow on one 
roadway for a fixed period of time, and then on the other road-way for another fixed period of 
time before repeating the cycle. Other signals may be operated by sophisticated electronic 
controllers that sense the time of day and flow of traffic to continually adjust the sequence of 
operation of the signals. Traffic engineers use signals to avoid traffic congestion and improve 
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safety for both motorists and pedestrians alike. 

The typical sequence of color phases: 

• Illumination of the green light allows traffic to proceed in the direction denoted, if it is 
safe to do so 

• Illumination of the orange/amber light denoting prepare to stop short of the intersection , 
if it is safe to do so 

• Illumination of the red signal prohibits any traffic from proceeding. 

2.4.2 Basic concepts for design [12] 

The signal design procedure involves five major steps. They include: 

1. Phase design : 

The objective of phase design is to separate the conflicting movements in an intersection 
into various phases, so that movements in a phase should have no conflicts. 

2. Interval design for amber time: 

It called the change, this interval or amber time is provided after green time for 
movement. The purpose is to warn a driver approaching the intersection during the end 
of a green time about the coming of a red signal. It's normally about 4 to 5 seconds. 

3. Cycle time: 

Cycle time is the amount of time from the beginning of a red light to the beginning of the 
next red light. All of the events at a signal happen inside one cycle. Normal cycle times 
are somewhere between 80 seconds and 120 seconds for most large roads ... 

4. Apportioning of green time 

Is the available time for the vehicle to cross the intersection and it's about 10-15 seconds. 

5- pedestrian crossing requirements. 

2.4.3 Traffic light circuit design: 

Here is an explanation for a simple traffic light controller circuit: 
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Figure 2.7 traffic light circuit 

This figure will be discussed later in chapter 4. 
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2.5 sensor: 

2.5.1 sensor identification: 
A sensor is a converter that measures a physical quantity and converts it into a signal 

which can be read by an observer or by an electronic instrument. It is a device which receives 
and responds to a signal when touched. A sensor's sensitivity indicates how much the sensor's 
output changes when the measured quantity changes, Sensors that measure very small changes 
must have very high sensitivities. 

There are also innumerable applications for sensors; applications include cars, machines, 
aerospace, medicine, manufacturing and robotics. 

A good sensor obeys the following rules: 

• Is sensitive to the measured property only 
• Is insensitive to any other property likely to be encountered in its application 



• Does not influence the measured property 

Ideal sensors are designed to be linear or linear to some simple mathematical function of the 
measurement. The output signal of such a sensor is linearly proportional to the value or simple 
function of the measured property. The sensitivity is then defined as the ratio between output 
signal and measured property. 

But if the sensor is not ideal, several types of deviations can be observed; these deviations 
can be classified as systematic errors or random errors. Systematic errors can sometimes be 
compensated for by means of some kind of calibration strategy. Noise is a random error that can 
be reduced by signal processing, such as filtering, usually at the expense of the dynamic behavior 
of the sensor.' The sensitivity in not ideal sensor may in practice differ from the value specified. 
This is called a sensitivity error, but the sensor is still linear. 

There are a lot of sensor types, in our project we may use sensor to know the direction that 
the vehicle will come from. 
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Chapter three 

Conceptual Design 

3.1 Introduction 

3.2 Basic operation 

3.3 Block diagram 

3.4 Main system components 

3.5 Software design 



3.1 Introduction: 

In this chapter, we will describe the general block diagram of the whole system, 
including the system elements; also we will explain the work design methodology. 

3.2 Basic operation: 

Once there is an emergency action, the driver of the emergency vehicle will trigger the 
system, the XBee device will be used at emergency vehicle and traffic light sides. 

In the emergency vehicle side the XBee transmits data to the XBee on to the traffic light 
side through node to node ZigBee network to pass data to the PIC microcontroller that will make 
a decision which traffic light should be set as green. 

3.3 Block diagram: 

ZigBee network 

r--------------------------- , 
I I 

I 
I 
1 Xbee receiver 
I l ----------: -------------------------. 

------------: ----------. =,~"-=~===~ : ------ ------: ~ J Central Xbee i Micro- Traffic light l 
L.I 4 ------------t-----------1 j I 

Emergency car : : 
I I 
I I I J 

L---------------------- 

Traffic light 

Figure 3.1: Main Block Diagram 
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Figure 3.2: Emergency Vehicle Side 
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Figure 3.3: Traffic Light Side 
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3.4 Main system components: 

In this section we are going to describe the function of each component we will use in our 
project, as the following: 

3.4.1 ZigBee: 
We are going to use: 

1. XBee transmitter device on the emergency vehicle; which sends a signal to the traffic 
light side by ZigBee network. 

2. XBee router to pass the signal from XBee transmitter to the central XBee receiver. 
3. Central XBee receiver device at the traffic light side; which receives the signal from 

XBee routers with its addresses, and passes this signal to the traffic light's 
microcontroller. 

In this project XBee Im W Chip Antenna will be used, and its characteristics are: 

• Allow a very reliable and simple communication between microcontrollers, computers, 
systems, and anything with a serial port. 

• Point to point and multi-point networks are supported. 

• 300ft (100m) range. 

• Built-in antenna. 

• 6 10-bit ADC input pins 

Figure 3.4:XBee module 



3.4.2 Micro controller: 

PIC microcontroller will be used to control the overall system also execute the interrupt 
program whenever there is an emergency car arriving. ' 

In this project PIC18F4550 will be used, this is due to: 

• Economical price. 
• Enhanced Flash program memory. 
• All of the devices in the PIC18F4550 reduce power consumption during 
operation. 

• The module supports both low-speed and full-speed communication for all supported data 
transfer types. 

• It also incorporates its own on-chip transceiver and 3.3V regulator and supports the use of 
external transceivers and voltage regulators. 
• IO-Bit AID Converter. 
• Enhanced Addressable USART: This serial communication module is capable of standard RS- 
232 operation. 
The PI Cl 8F4550 has all what is needed for the implementation of this project, enough I/0 Ports, 
ADC, timers, and serial communication USART. 

Figure3.5:PIC18F4550 

3.4.3 Traffic light: 

The traffic light is the purposed component to be controlled in our project idea. 

· troller so it will be easier to deal with and control. We will build it using the PIC microcont 

. . . f th PIC microcontroller that it will be programmed to work in the The circuit consists o: e 
·th the ti: delay to deal with the whole system design. way we need and witl the time 

The time lengths are divides as the following: 



1. The amber interval is normally about 2 second n s. 
2. The green light interval is about 5 seconds. 

3. The cycle time from the beginning of a red light to the beginning of the next red light for 
a four intersection road is about 40 seconds, 

Back to the traffic light circuit we also need three leds; red, amber and green for each road in the 
intersection, and we need resistors, capacitors and wires for connections. 

3.6 Software design: 

A flowchart is a type of diagram that represents an algorithm or process, showing the 
steps as boxes of various kinds, and their order by connecting these with arrows. This 
diagrammatic representation can give a step-by-step solution to a given problem. Process 
operations are represented in these boxes, and arrows connecting them represent flow of control. 

And there are thethree main flowcharts that will be explained: 

• 
• 
• 

Emergency vehicle as a sender ( coordinator ) flowchart . 
Routers that set on the street sides flowchart . 
Traffic light as a receiver flowchart . 

• The coordinator flowchart: 

A h b I · figure 3 6 when the driver triggers the system, the system will be s s own e ow m . , . 
d k A · I that generated from the PIC microcontroller will be passed to the XBee ready to work. signa 

unit transmitter to be transmitted to the XBee routers. 

{=s 



tes from 
that include word 

'emergency 

Figure 3.6: Flowchart For The Sender Side 

This scenario consists of a cross road with three intersections, each section has its XBee 
receiver 'as router' ,all XBee routers are connected to the central XBee, which connected to 
traffic light PIC microcontroller. 

• The router flowchart: 

As shown in figure 3.7,after the received signal reached the Xbeenodes on the street we will 
measure the power value on each Xbee repeater and compare it with threshold value. If it is 
greater than the threshold, the signal included Xbee address should be passed to the central Xbee, 
unless the signal should be received again from Xbee coordinator. 

{3s 
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Figure 3.7: Router Flow Chart 

• Central flow chart : 

As shown in figure 3.8, after the received signal reached the central XBee receiver, we will take 
the mac address of the XBee repeater that has sent it so we can determine from which 

intersection the emergency car will come from. 

After that the signal should be passed to the microcontroller that will start to execute the 
mterrupt action which sets the desired traffic light as green and the others as red. 

To make sure that the emergency car cross the traffic light, we will measure the signal 
power, compare it with threshold value that would be determined, so if the received power 
greater than this threshold value, keep the traffic light as green, if not the interrupt action will be 
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finished, and the microcontroller will control the traffic light system as before an emergency car 
crone. 
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Chapter four 

Hardware and software design 

4.1 Introduction 

4.2 Hardware design 

4.2.1 Circuits description and interfacing 

4.2.2 XBee interfacing 

4.2.3 PIC microcontroller 

4.3 Software Design Implementation 

4.3.1 PIC programming 
4.3.2 XBee configuration 
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4.1 Introduction 

In this chapter the construction and testing process for the system will be shown, the 

construction and testing process are very important to insure that the system works successfully. 

After collecting all the necessary information related to the project and analyzing them, the 
group started to build the system step by step, as will be shown. 

4.2 Hardware design 

This chapter provides a description about detailed project design which can be 

summarized by understanding the way XBee & microcontroller work and implementing the 

connection between the microcontroller, and radio transceiver. 

Figure ( 4.1) shows the general schematic of every circuit that will be designed in details 

in this chapter. 

~~ J id=yy 

r 

))) ))) ))) 

))) 

~ ~ J 
I 

-- -7"T c= 
:. 4.1: Hardware Schematic Figure . . 

h . al to all possible destinations. 
1 broadcasts t e sign 1) The XBee on the ambulance 

that exists on the road. 
2) Signal will be received by the XBee 
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3) The XBee will pass 
th
is signal to the PIC18F2550 which will arrange it in frame and put its 

address in it and check it if the power exceeded the threshold value that previously known, 
the microcontroller will re-pass it to the XBee to send it to the central XBee. 

4) If the power isn't exceeded the threshold value, the microcontroller will not pass it to XBee so 
the XBee will not transmit any signal to the central XBee. 

5) After the signal reaches the central XBee, it will transmit signal to the PIC18F4550 which 
controls the Traffic light. 

4.2.1 Circuits description and interfacing 

In this section the hardware circuits will be described in details, by showing the 
t. s and interfacing between each XBee and PIC microcontroller. connection 

• Coordinator circuit (switch): 

The circuit was built at board as shown in figure 4.2: 

-------------- 
# # 9 a 
1 » •••••••••• - • • •• 

::::::::::3:5::21::::::° . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ' .. 

. dware Switch Circuit Figure 4.2: Har 

in figure 4.3: p oteus as shown The circuit was drawn at r 
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Figure 4.3: Switch Circuit Drawn at Proteus 

Router circuit (street nodes): 

The circuit was built at board as shown in figure 4.4: 

• 

1 I 

1 • 

This circuit shows the connection between XBee and 18£2550 PIC microcontroller, pin 21 

of the PIC was programmed as a digital input to be connected with the switch that triggers the 

system, and the TX pin 17 is connected to DIN of the XBee to receive commands from PIC. So 

if there is emergency car, the driver will press the button which in tum will make the PIC sends 

command to XBee to start transmitting data. 
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Figure 4.4: Hardware Router Circuit 

The circuit was drawn at Proteus as shown in figure 4.5: 
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This circuit shows the interfacing between XBee and PIC 18f2550 as 
e following: 

will receive signal from coordinator XBee, p) xBee 

to the PIC by connecting pin DOUT of 
h signal received will be passed ) The 

XB with pin 18 (RX) of the PIC. the Jee 

3) The PIC will measure the power received and compare it with a threshold 

f it's larger than the threshold , the PIC will pass the XBee address to value, 1 

XBee to be transmitted to the central XBee, and that's why we connect the 
. DIN ·f the XBee with pin 17 (TX) of the PIC. pm o 

Central circuit: 

The circuit was built at board as below: 

d Central Circuit Figure 4.6: Har ware 

• figure 4.7: 'rL · . shown m 'Ie circuit was drawn at Proteus as 
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Figure 4.7: Central Circuit Drawn at Proteus 

This circuit shows the interfacing between central XBee and PIC 18f4550 microcontroller as 

described in the following steps: 

1) The traffic lights were connected to the PIC through port B from (b0-b7) and port D ( dO). 

2) Pin DOUT of the central XBee is connected to pin 26 (RX) of the PIC microcontroller. 

3) When the signal is received, it will be passed to the PIC; to start the interrupt program so 

the PIC will change the normal behavior. 

4.2.2 XB . ee mterfacing 

XB 
• · · Th XBee ZB RF Modules are designed 

ee ZB"Series!" will be used in this project. 1€ 
to op · eds of low-cost, low-power. The 

erate within the ZigBee protocol and support the umque ne 

"dules operate within the ISM 2.4 GHz frequency band. 
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, DTR: "Data terminal ready" this is a flow control . 

pm used to tell the XBee that the microcontroller or computer host is ready to . 
communicate, 

RST: this pin can be used to reset the XBee. B defe : • 

• . y etault it ts pulled high by the 10K resistor under the module. To reset, pull this pin low. 

, Grotmd: common ground for power and signal. 

CTs : "Clear to Send" this is a flow control pin that cat b . d d . . . 
o [p e use to letermine if there 1s data in the XBee input buffer ready to be read. 

, 5V: this is the power input pin into the 3.3V regulator. Provide up to 6V that will be 
linearly converted into 3.3V 

, TX: This is tha XBee's serial transmit pin. Setial data is sent on this pin out of the XBee 
after it has been transmitted wirclessly from another module, 

1 RJ(: This is the XBee's serial receive pin. Serial data is sent on this pin into the XBee to 
be transmitted wirelessly. 

1 RTS (rnucly to sond): this is a flow control pin that can be used to tell the XBee to signal 
lhot the microcontroller needs a break from reading serial data. 

• 3V pin: this pin can be used as an input power if 5V is not provided or as output pin from 
250mA regulator if' 5V .is provided (13]. 

DTR- Flow control into XBee 
RST- XBee Reset 

Common Ground ...---• 
CTS- Flow control from XBee ~ 

5V -{owor to rcgubtor ___.. 
R • Seri:il d3lO into XBee ....- X- Serial data from XBco __.... 

RTS- Flow controt into xBee" _3 
3V from regulator (or input) 

Figure 4.8: XBee Pins. 

d vhich contains the PICl 8F4550, XBee . f pins in every no e w This figure shows the all connection ° 
transceiver. 
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IC ntlcrocontroller s 
Microcontroller is a Microchip programmable 

. . IC that controls th . ch device, it will be used as the main subject th, 3° Inputs and outputs m Dject that controls , 
. d e system for the goal to be chieve" 

Two kinds of PI Cs will be used in this project, PICI 
. ' 8F45SO and PIC18F2550· 

: difference between them is the number of pins And h . , the 
ma)U - Here is an explanation for each one, 

413.1 PIC18F4550 micro controller: 

PIC 18F4550 will be used because of its Nano Watt TECHNOL 
OGY PIC18F4450 

incorporate a range of features that can significantly reduce pow . 
er consumption during 

operation. 

This PIC has 40 pins divided to 5 I/O ports (PORTA, PORTB, PORTC, PORTD and 

PORTE). PORTB and PORTD have 8 pins to receive/transmit 8-bit I/O data. The remaining 

ports have different numbers of pins for I/O data communications. The PIC has some pins just to 

get power, typically +5 volts and O volts or ground. Additionally there are 2 pins where a quartz 

crystal is attached to provide a basic "pulse" or clock for the PIC.PICI 8F4550 has 12 different 

source for clock oscillator and there are internal clock oscillator consists from 8 user-selectable 

frequencies, from 31 kHz to 8 MHz Selection of particular internal frequency is obtained through 

specific programming of internal register which is called "OSCCON"[l]. 

This PIC was connected with the central XBee and the traffic light circuit so it can 
control them the way we want. 

. . . f the PI Cl 8F4550 can be used in To program the device in this project in some pms 0 

different description as the following: 

• p· 
Ill 1 can be used as: 

. . . ·t . s an active-low pin which used 1) it): an mput pin, 1 1 MCLR (Master Clear reset mpu · 

to reset the device. 
. voltage input. 2) Pp.: power pin which is a programming 

3) RE3: this pin is used as Digital input. 

I 1 



, Pinll: (Voo) power positive supply for logic and 1/O pins. 

% Pin12: (Vss) Ground reference for logic and I/O pins, 

, Port B: from pin 33 to pin 40 are used as I/O digital data. 

, Port D: that built from pin 19,2 0, 2 I , 22, 2 7, 28, 29 and 3 0, are used as 1/0 digital data. 
, Pin 25 can be used as : 

1) TX: EUSART asynchronous transmit. 
2) RC6 : for digital I/O 

3) CK: EUSART synchronous clock. 

But in our circuit we used it as a transmitter. 

o Pin 26 can be used as : 

1) RC7 : for digital I/O 
2) RX: EUSART asynchronous receive. 
3) DT: EUSART synchronous data (see TX/CK). 
4) SDO: SPI data out. . 

And in our circuit we used it as receiver. 

ROCISPPO:R04/SPP.C ~PORTO 
ROSISPPSIPIB ;:=; 
R06/SPP61PIC 

1 R07/SPP7/P1O 

RE!YANSICl( ISl'PQEPO[I]RTE f REI/Af,16/C1(2Spp ,-..., 
RE2IANTIOESP 
MCLRPP/RE3!) [ 

PORTA 

< > ro ro 
<J 
~ 
Ql0 
F 4 

CO 
» 4 

~ 

X RAQ/AtlO 
RAI/Atll 
RA2AL2REF-ICVREF 
RA35AN3REF • 
RA-ilTllel<llCIOUTIRCV 
RASIA}LSSALL DLC2OUT 
0SC2JCLKOJRA6 

[ pzessorcross rss» 
X RBIIANIQ,11,!TI/SCKISCl 

R821AtWINT"'..l'AIO 
RBANS/CC P2,P0 
RB4AN11/KB0CSSPP 
RBS/KBI 1/P GA! 
RB6/Kel:Z.1'GC 
RB7K£139GO , ...... -, .._ 

PORTC 
RCCTT 10$0/T I ~Kl_ 
RCI/T1OSCcP2!UOE 
RC:ZiCCPUPIA 
RC&-'0-J\/M 
RCS/D+VP 
RC&/TXWCK 
RC7/RXJOT/SOO 

PIC18F4550 ADC Inputs Figure 4.9: 

4
,2,3,2 PIC18F2550 microcontroller: 

4550 

but less number of 

. of PIC18F , 
he same properties . ere no ports need to This PIC was chosen also for t , the street sides, wh 
the XBee son Pins. This kind of P!Cs was connected to d 

. needs to be use . be connected, and less number of pms 
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And here are the pins that we . 
Ie used in program; "l111TIIg; 

• Pin 1 can be used as: 

1) MCLR (Master Clear reset. )· . Input . an Input . . . 
to reset the device. pm, it is an active-low pin which used 

2) Pp.: power pin which is a pro a . 
. . . . gramming voltage input 

3) RE3: this pin is used as Diital.' gt a mput. 

• Pin 8 or Pin 19: (Vss) Ground refe .c: • rence for logic and I/O 
Pi 20 (V ) pns. 

• ID : DD power positive supply for 1 . . og1c and I/O pins 
• Pin 17 can be used as: · 

1) TX: EUSART asynchronous transmit. 
2) RC6 : for digital I/O 

3) CK: EUSART synchronous clock. 

But in our circuit we used it as a transmitter 

• Pin 18 can be used as : 

5) RC7 : for digital I/O 
6) RX: EUSART asynchronous receive. 
7) DT: EUSART synchronous data (see TX/CK). 
8) SDO: SPI data out. 

And in our circuit we used it as receiver. 

4.3 Software Design Implementation 

In this section, the detailed description for the project software, in previous section we 

talked about how we can interface between XBee and microcontroller from hardware 

description, in this section we will describe software was used to have hardware interfaces goal. 

And for software implementation, Micro C was used to program microcontroller in C language. 

4.3.1 PIC programming 
Microcontroller acts as brain of the whole system. It receives the desired data from the 

XBee that interface with it .An algorithm is developed to make the microcontroller able to read 

the input and respond accordingly. 
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4.J.1.1 PIC code analysis 

The PIC code is the code that is bum d h p · · 
e on t e IC in order to control the whole operation of the system, because the PIC is the core of this system. 

In our system the PIC 18£2550 perfonn three functions: 

1) Communicate with the XBee that interface with it. 

2) Getting the reading power from the XBee and converting these reading to volt. 

3) Comparing these data with threshold value; and if the data is greater than the threshold, it 
sends command to the XBee to send the data to the central XBee. 

And the PIC18f4550 perform two functions: 

I) Controlling normal behavior of traffic light system. 

2) Receiving the data from the central XBee and changing the behavior of the traffic light according 
these data. 

4.3.1.2 MPLAB IDE 

!,: ' $; ........ .,... . t.:__ I -- 
er ] 

·ciaos • .::,w.,..,,-.- 
.'.:1-~LI 

e de» #ea 
)er±as 
J2: e 
:., ... r'.,d 
J,ru<llo,y 

• ,:J::.-:,,rr.,.. 
[ est r 

~ - ..... -· 
,-:i!];--J:: ..•. ~ 

fi'I: ... 1. 

.10: MPLAB IDE Editor Figure 4. · 



MPLAB IDE is a software program th 
at runs on PC to provide a development 

environment for your embedded microcontroller design. Also it is a Windows based Integrated 
Development Environment for microchip Technology Incorporated PIC microcontrolier (MCU) 

and dsPIC digital signal controller (DSC) families. MPLAB environment contains untitled 

workspace which contain needed file after create project, every needed file contain main four 

part Header file (p18F4550.h), Linker file (pi8f4550_g.lkr), library file (p18f4550.lib), source 
file ➔ add file that contain code of project . Output window for sure that code correctly 
executes. 

In the MPLAB IDE, we can: 

1) Create source code using the built-in editor. 

2) Knowing which peripherals and pins control hardware, write the software. We use a 
compiler that allows a more natural language for creating programs. 

3) Assemble, compile and link source code using various language tools. An assembler, 
linker and librarian come with MPLAB IDE. 

a ml·crocontroller and verify that it executes correctly in finished 4) "Burn" code into 

application. 

Figure 4.11: ICD2 Programmer 

. . circuitemulators (ICE) to develop and engineers use m- . . . . 
Traditionally embedded systems fi the code to the devices. Thein-circuit 

3 tc transfer 

grammers o silic nd provides a debug their designs andthen pro tu I microcontroller silicon an 
. t d is part of theac a debugging logic, when implementea, 

ensive ICE. low-costalternative to a more exp 
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Features 

.USB (Full Speed 2 Mbits/s) and RS-232 inter, 31, 
ertace to 10st PC . Real-time execution 

.MPLAB IDE compatible . 

. Built-in over voltage/short circuit monitor 

. Supports low voltage to 2.0 volts (2.0 to 6.0 ranges) 
. Diagnostic LED's (Power, Busy, Error) 

·Read/Write program and data memory of microcontroller 
. Erase of program memory space with verification 

4.3.1.3 Codes description: 

Transmitting code: 

The process of sending the emergency command is implemented through the following 
code: 

Void main O { 
0SCCON=Ox72; 
TRISA=l; 
PORTA=0: 

' PORTB=O: 
' TRISB=l · 

' 

UART1_Init (9600); 
while(1) 
{ 

if(button(&POR TB,0,50,0)) 
{ 
UART1_Write_Text("Emergency"); 
delay_ms(5000); 
} 

} //close while loop 
} //close void main 

ge from the ZigBee transmitter to the . an emergency messa This code is used for sending 
h . an emergency action. hen tliere 1s routers that allocated on the streets w 



Routing code: 

The process of receivin g an emergenc 
implemented through the follow»» ¥ Command and taki wmg code: mg the action according it is 

[aroe 
void main() { 

0SCCON=Ox72; 

TRISA=l; 

PORTA=0; 

PORTB=0; 

TRISB=0; 

ADCON1=14; 

UARTI_Init(9600); 

while(l) 

{ 

volt=ADC_Read(0)/4; 

if(volt>220) 

{ 

delay _ms(3000); 

UARTI_ Write_Text("*B#"); 

PORTB=: 
' 

delay_ms(5000); 

} 

PORTB=O: 
' 

} //close while loop 

} //close void main 

The above code is used to check if the emergency vehicle near or far from the XBee that 
allocated e on the street by: 
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Measuring the power from the transmitter 
✓ Converting it to voltage. 
✓ Comparing it with threshold value . 

If it is greater than the threshold, XBee sends its address to the central XBee, 

4,3.2 XBee configuration: 

X-CTU software will he used lo test and configure Bee module. The software is easy to 

use, update the parameters, and allows testing the radio modems in the actual environment with 
just a computer and the items included with the radio modems. 

We can communicate with XBee through "USB Serial Port". This means that we have 

to stabilize a serial connection between the XBee board and PC device, With USB adapter.that is 
because we want to set the XBee parameters. 

More than one device (XBee) can connect on serial port of the PC; so that we can test the 
wireless communication and connect more than one XBee to our PC. 

We interested in these four important basic configurations on the XBee: 

• baud rate for serial communication 

• network identifier 

• node address 

• destination node address 

fi t. s one for the coerdinatore,router ' end device There are three different XBee con garauon: , 
(central). 

. XB e configaration : • The coerdmatore e 

Step I: 
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About 
cs» ]ssr. • [est Terminal] Ma,¢,,, 
Com Port Setup · ___odem Configuration I ---- 
Select Com Port 

saa [BmD 7] 
Flow Control f NO~ .i.:J 
Data Bits F ~ - 
Parity [oiE ~ 

I Stop Bits f =] 
- -- . ---- - - ---- I Yest /Query 
Host Setup I u C - r . - Iser om Ports Network iriterface I 
API-~------~ - 
T Enable.API fleponse Timeout------ 

r Use escape characters [ATAP = 2) 
AT. command Setup----- 

ASCII Hex 
Command Character [CC) r:7· rs; 
Guard Time Before (BT) [ Tooo 

Timeout I. 1000 

[ Modem flash Update 
f7 No baud change 

Figure 4.12: PC setting 

Select com port in section: "PC Settings" 

I) Baud Rate set to 9600 . 
2) Flow Control : NONE 
3) Data Bits: 8 
4) Parity : NONE 
5) Stop Bits: I 
6) Click "Test/ Query", so the XBee serial address will be shown. 

Step 2: 



BR [coM3] x-cru 
Modem 

. tslilies Parameter Profil ~ . I - e Remote C f . PC Settings[ Range Test] r>.. -9ntiguration.. Versions ... erminal Moder c f' 
-Modem Parameter and F' on 1guration j 
[ '] mmware- 3r-Pare m 

Read Write J Restorej ameterV1ew- -Profile Versions 0 Al ~ Oear Screen ~ ways Update Firmware I Save 
Show Defaults Download new 

Modem: XBEE F e Load versions ... I ~unction Set ~ 
'xs24·DM L!.J f XBEE DIGIM Version 

I 
X24-009 GI ESH 2.4 - Fl Is G X24-019 
XB24 ~ Operating Channel ls 

XB24-B · Network ID 

~ 

XB24C 3roadcast Multi-T ransmits . % Power Level 
XB24-WF 
XB24-ZB 

r= Unicast Retries 
XBP08-DP c-MAC Statistics and Timeouts 
XBPOS-DM 
XBP09-DP - outing/'Messaging Mode XBP09-XSC 
XBP24 roadcast Hops 
XBP24-B ~etwork Hops 
XBP24BZ7 1-lesh Unicast Retries 
XBP24c [lftetonk Dela Slots = ~ Addressing 

(··· ~ (13A200) SH· Serial Number High 
····· ~ (409A46BF) SL· Serial Number Low 
····· ~ (0) DH · Destination Address High 
····· ~ (FFFFJ D L · Destination Address Low 
····· Ii ( l NI· Node Identifier 

' ±...Pg (QO)IT .lshired> Fis--on =l.-sff T 

Read parameters .. OK 

[COM3 j 9600 8-N-1 FLOW:NONE XB24-DM Ver:8064 I - 

Figure 4.13: Setting The Modem Configuration 

Go To Modem Configuration and click the Read Button , then start configure it as the following 

1) select the" modem" type" XB24-"DM". 

2) "Function set" is the firmware inside XBee. It is responsible for different topogies and 

configuration. In this project the function is set as XBEE DIGIMESH 2.4 

3) The "Version " is set 8064. 

4) Click "Write" to load the new firmware. 
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Step 3: 

Set PAN ID and SC(Scan Channel) to an arbitrary value. All the devices in the network should 
use the same value of PAN ID and same channel of SC, so they can communicate with each 

others.Here in the project we keep them as the defult value, that means we don't change it to a 
new value. 

Step 4: 

Set the adresses of the node ( distination), that include distination high (DH) and distination low 
(DL) 

i r- 
~ (COM3J X-CTU ls 1 lfji 1 ~ .1 

' ~ 

Modem Parameter Profile Remote Configuration ... Versions ... 
I PC Settings] Range Test] Teminal Modem Configuration ] 
. Modem Parameter and Firmware Parameter\View,r Profile,-Versions 
Read I \•Irie I . Restore-, . c~., Screen Save I D':;;:r,::,~:--· 
[: Alwa_ys Update Firmware Show Defaults Load 

Modem: XBEE Function Set Version 

~ 

2 

s] [eosi 
. 

E) [XBEE DIGIMESH 2.4 [x824-M 

4 
1 ..... 1:i1 [ 4) PL . TX Power Level 
!--··· l:il (0) RR - Unicast Retries . 

~ 

ffi···Cl Diagnostic-MAC Statistics and Timeouts 
- ··€:ii Network . 

] i..... l:il (O) CE . Routing/Messaging Mode 
..... l:il (0) BH . Broadcast Hops 3 ..... l:il (7) NH • Network Hops . 
..... l:il (1) MR . Mesh Unicast Retries 
..... l:il (3) NN. Network Delay Slots 

[;)··-@cl Addressing H" h 
1 l.. ... l:il (13A200) SH - Serial Number !lig 
. . .... l:il (409A46BF) SL_·- Serial Number Low 
oy DH -Destination.Address High ,-4 

' 
I 

»g (FFFF) DL -Destination Address Low JFFF 
..... l:il () NI . Node ldenttfl~r ack-off ; 
..... l:il (82) NT . Network Discovery B t' ns 
I OJ No- Network Discovery Op 10 
..... l:il (11 ) Cl . Cluster ID 

..... 
- ---@:j S ecurit_y . i::-.,, ,,hi.. OOOOOOOOFFFF is the broadcast 

I 
!i Emrrrs-rict 5,7 5ldre[0QO0 
= ,..... . 64 bit.destination a ress. n The lower 32 bits of the 

address . • 
RANGE:0-CXFFFFFFFF 

. 

E XB24.oM Ver:8064 I I 
ICOM3 I 9600 8-f'.J-1 FLOW:NON - - - -- - - 

oordinato 
- . - - 

d Configuration For The C . TheMo em Figure 4.14: Settmg 
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The coordinator XBee that set on the emergency vehicl -
11 

d d t b d t 
e w1 sen a a as roa cas , so the DH will be set 0000 and DL will be set FFFF, 

• The router XBee configaration : 

The router XBee that is set on the four street sids of the intersection, to configure these 
XBees we did the same steps as shown before, with one different is the DH and DL, as shown in 
the figure. 

...... . . G4 b"t dest1natIon a r The lower 32 bits of the 1 
address. 

RANGE:O-CXFFFFFFFF 

jCOM3 XB24-DM_ Ver:806~ ~- [sgo aw-i _FLOW.NONE 

. D. tination A dress 4.15:Setting Is 

Figure . . L=409A468F ,which is the 
DH=13A200 .D thesse XBees Set the distination adress on 

. (the central XBee). Serial adress of the end device 
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PC Settings ] Range Test] Teminal Modem Configuration ] 

Modem Parameter and Firmware -Parameter View- -Profile 

fl;.J 7 · WiitO -1 ., 'Aeslore I c,earscre.;; , Save j Downk>id new 
. . 'Sh D f It L d versions ... J Always Update Firmware 3 owDefaults] Loa 

Versions 

Modem:XBEE, unction5et, Version 
jXB24-DM _G:] fXBEE DIGIMESH 2.4 E) jaos4 -~ 

..... ~ (0) BH - Broadcast Hops 
..... ~ (7) NH - Network Hops 
..... ~ (1) MR. Mesh Unicast Retries 
..... ~ (3) NN. Network Delay Slots 

- .. ~ Addressing . 
· ..... ~ (13,l:,,200) SH ~ Serial Number High 
..... ~ (409F66EA) SL. Serial Number Low . 
L (134200) DH -Destination Address High 
..... ~ (409F67_58) D_~. Destination ~ddress Low !409F6758 
I ()NI -Node Identifier 
..... ~ (82) NT. Network Discovery Ba_ck-off 
.... : ~ (O) NO. Network Discovery Options 
..... ~ (11) CI- Cluster ID 

_ .. -€3 Security . 
}- (OJ EE ·Encryption Enable 
L , ~ KY-.AES Encryption Key 

_ .. ~ Serial lnterf acing 
/ ~ (3) 8D. Baud Rate 

L ~ (0) NB · Parity f FF · th broadcast 
1 f:I r':!n:rn . p,.,..l,ofi-.:,firo ... _ Ti":'Ol"'oll dd OxOOOOOOOOOOOOFF IS e 
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• The end device configaration : 

Same as before but without configurate the DH and DL. Because it don't need o 
transmite any data to any devices, it just receive data and pass it to the P!C microcontroller. 
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Chapter Five 

Testing and Results 

5.1 Introduction 

5.2 Testing and Results 

5.2.1 XBEE testing 

5.2.2 PIC Testing 

5.3 Performance evaluation 

5.3.1 Power measurements 

5.3.2 Delay 

5.3.3 Localization 

5.3.4 Performance analysis 
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5.1 Introduction 

The final stage to complete the project is to test th 
e system to get results and measure the Perfonnance of our system. This chapter shows 

11 a measurements needed to evaluate the Perfonnance of this system such as delay power and 
1 1

. . 
3 3 localization. 

5.2 Testing 

Checking and testing of the microcontrollers and XBee transceivers are done in this section 
including the testing results. 

5.2.1 XBee testing 

Here we test the connection between the coordinator XBee and the XBees that set on the 
street sides (routers). 

The coordinator XBee will send data that include the word "EMERGENCY" to the 

routers, and as shown this is what we get at the router XBees. 

About XModem _ _ _ __ _ 
PC Settings ] Range Test Terminal [ Modem Configuration ] e24%,4 ],z./us[gel r--- ~ [ITTW [Breakr ~ Packet Screen Hex 

Emergency Emergency 

:. 5.1: Received Data at X-CTU Figure ·. . 
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5,2.2 PIC microcontroller testing 

The PI Cs that were connected to the routers will measure the power of the received signal 

from the coordinator, and compare it with a threshold value, if it exceeds it, the PIC will pass the 
XBEE address to the router to transmit it to the central XBee. 

To make sure that the PICs can communicate and exchange data with the XBees, we test what 
we received at the central XBee which is the address of the router as shown. 

··(Gen&sf 
About XModem _ 
Pc sec ] Rance 1eat Terina! ] Meaden cantor&ass ] 

I. Line Status;;;i Assert · _ Close I Assemble Clear Show 
[JpEgt [pat pg [[toiii» n:'lfW ~ ~ Packet Screen Hex 

*B I .... 

/COM7 I 9600 B•N-1 FLOW:NONE 

. 5.2: Received Data at X-CTU Figure ·... 

[Rx: 3 bytes 

5.3 Performance evaluation 

h to measure the delay, power and . t we ave . this project, ..c. rmance m · 
To evaluate the peuo r d to the XBee scenan1o. 

ents should be app ie localization. These measurem 



31 Power measurements: 5 .. 

The power measurement is a very important factor in our project, for determining the 

threshold value that will be used in the router side, so for choosing the good threshold value we 
take some values of power with respect to change in distance, as shown. 

Distance (m) Power I ( dBm) Power2 (dBm) Power3 ( dBm) Power4 (dBm) Avg Power 
(dBm) 

-48 -51 -49 -47 -48.75 

0 

-58 -61 -61 -55 -58.75 
2 

-71 -65 -72 71 -69.75 
4 

-71 -79 -75 -74.75 
6 -74 

-78 -78 -78 -75.5 
10 -83 

-72 -81 -76.25 
12 -72 -80 

-78 -82 -80.75 
14 -85 -78 

-81 -76 -85.25 
18 -89 -87 

-82 -86 -88.75 -88 -88 20 

Table 5.1: Power Measurements 

r shown in the curve: I t. hip between the distance and avera--=g_e_p_ow_e 7 The re a\10nS 

0 

-10 

-20 

-30 

= -40 
co 
2 -50 ! -60 

-70 

-80 

-90 

-100 

20 25 10 15 ( 5 

- 

~ 
\ 
\ 

- 
loo 

e we 

~ ~ 

distance (m) ll» 

. and Average Power en Distance . 5.3: Relation betwe Figure .. 



The measurements were tak b en vy X CTU 
figure below: - program with commands as sh . own in the 

-..;~~~~ -.~-~-~ -~ 
[Range Teet Temmnl ®= 
• ~ A:;ert _ _ ~m Conligurotion I 
Bl] [vii» [+rs r> earl .ca» 

Com p01t A~e Cleor Show' 
14OK acket Screen] Hex 

atdb I 42 a atcn]=l 

COM5 [SO&N-T FLOW:NONE 'Rx 6 bytes 

Figure 5.4: Power Measurments In X-CTU 

First we send any data such as "hello" then we access the AT command and measure the 

power using the command ATDB. 

And this measure was taken on distance 6m, the power reading is 42 dBm in hex, which= 66 

dBm in decimal. 

5.3.2 Delay 
The delay is an important factor in this project as the nature of the sending data requires fast 

transmission. The delay defines how long it takes for an entire message to completely arrive at 

the central XBee from the time the first bit is sent out from the coordinator passing through the 

routers that sets on the streets sides. The delay is made of four components: propagation time, 

transmission time, queuing time and processing delay. 

1) Pro; 1ti Ti: sures the time required for a bit to travel from the source to the 
pagation 'ime: meas 

d t
. · Th ti mn time is calculated by dividing the distance by the 

es mahon. e propaga 10 

propagation speed. 
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Propagation Time=D; 
1stance/ propagation speed 

2) Transmission Time: the time required for tran . . 
Sm1ssion of a massage depends on the size of the message and the bandwidth of the channel. 

Transmission Time= message size / bandwidth 

3) Queuing Time: the time needed for each intermediate d d · h 
e or enc levice to 1old the message before it can be processed 

4) Processing Time: the time the PIC takes to process the data received and compare it to 
the threshold value and pass it again to the XBEE to be transmit. 

In our project the processing time is 2s as programmed, the transition time as measured is 

2.5ms .and the propagation time was measured first from the coordinator to the router, it was 

taken many times with changing in distance as shown in the table, second from the router to the 
central and this is affixed value. 

Distance in (m) Delay in (ns) 

2 6 

4 13 

6 20 

26 8 
33 10 
40 12 

Table 5.2: Delay From Coordinator To router 
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distance (m) 
10 12 14 

Figure5.5: Delay From Coordinator To Router 

5.3.3 Localization: 

Localization should be taken carefully, XBees on the streets must be localized in a way that 
avoids the interference between XBees. 

XBees has been placed on a certain distance from the traffic signal, the signal was sent 

from the ambulance, and the nearest XBee received the signal & send it to the central XBee. 

The better distance between XBee's on the streets & the traffic light to get right results 

was 23m at this distance we avoided interference between them & we got our goal which is to 

know the street that the ambulance will come from. 

5.3.4 Performance analysis: 

W . . . k . y cases at the different environments, and this e applied the project in B+ park, in man; ·» 
is the results we got: 
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Case l: 

When the coordinator was approximately near t th 
. o e routers (street nods), that means the 

Oordinator is about three to four meters far from th 
co 1erouter, all time d» 

:. o, 3 1es an in all the environments {he successive rate was 100% 

Case 2: 

Repeat all the tests for the system response when the coordi'nat · 
1 or ts near y ten to twelve meters 

far from the routers, all the times and in all the environments the successive rate was 100%. 

Case 3: 

This was the critical case, where the coordinator was near to the central circuit. 

For explanation: if the emergency vehicle is coming from street A", and the driver trigger the 

system when he was standing on the traffic light, the successive rat shows the percentage of how 

many times the light of street "A" is set as green, and close the others, and the error rate shows 

the percentage of how many times the light of street B" or "C" is set as green instead of street 
"A". 

The total results we got are shown below: 

• In the morning at 8:00am, when there is no movement; no students, no cars. We found 

that after I 5 trials, 13 were succeeded and 2 were failed. 

By calculations, successive rate= 13/15= 86.66%. 

Error rate= 13.33%. 

h there was movement of students and cars, • In the middle of the day, at 12:30 pm, w ere 
d d and 3were failed. we found that after 15 trials, 12 were succee e 

: ite= 14/18= 80%. By calculations, successive ra - 

Error rate = 20%. 

Cceeded and 5were failed. 
5 · 1 1 o were su • In a windy day and after 1 tr1a.s, 

' :. 3=10/15= 66.6%. By calculations, successive rate= 

Error rate= 33.3%. 

{ s 



These results in case three were unacceptable so we tried t d h 
, o re uce t e error percentage by 

4acing the threshold value, and re-localizing the street nodes. So we improve the results as ,, 
following: 

• In the middle of the day, at 12: 1 5pm, where there was movement of students and cars 

' we found that after 15 trials, 13 were succeeded and 2 were failed. 
By calculations, successive rate= 13/15= 86.6%, 

Error rate= 13.3%. 

We aspired to improve the result we got at the windy day, but unfortunately we couldn't 
take it because there were no more windy days . 

But as expecting the results will be better than before, as we got at the previous experiment . 
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Chapter Six 

Recommendations and Conclusion 

6.1 Introduction 

6.2 System achievements 

6.3 Real learning outcomes 

6.4 Recommendations 

6.5 Conclusions 
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(.1 Introduction 

The project has been done step by step, fc d . 
' or teveloping a new ide . . . . 

affic light. a which is building a smart 

The project was a good step in implementi 
n mg a system that controls the tr ffi . 

emergency vehicle. Meanwhile we have some rec d . attic light by the 
ommendations and suggestions for the future work 

that can be taken to make the system more efficient and . economic. 

6.2 System achievements 

Almost all the goals of our system have been achieved. In this point the main 

achievements of the system are discussed and the ways of achieving it. 

We build a traffic light system that approximately similar to the system in our city by 
programming the microcontroller. 

We configure the XBee transceiver, we configure the transmitter one to broadcast signal 

to reach XBees that allocated on the roads & we configure the XBee's on roads to routing data to 

central XBee to pass signal to the microcontroller to control traffic lights. 

We build a coordinator node near the traffic light that consists of X.Bee transceiver and 

make a serial communication between PIC and this XBee to pass data between them. 

We control the traffic light system according to this data; we can run our application 

continuously 

6.3 Real learning outcomes 

. . ert in the following points: After the implementation of the project we have an exp 

• Learn how to build traffic light system 

F4550 microcontroller. • Learn how to use and program 18 

• XBee configuration. • 
te chnology and make routing. 

• Learn how to create network using ZigBee tec 

[7o } 



% Learn how to solve many problems th . 
at we face In z· B 

1gt#ee communications, 

6.4 Recommendations 

After we worked on this project and faced m 
. . ' any problems during th · 1 that the followmg pomts may be a good impro , 1€ imp ementation we saw vement for this pr·· .. '> reliable: roject in order to make it more 

o An improvement to the system could be ar 3lied. ; : 
. . . PP te ' y using sensors on the traffic light to 

be more accurate in deciding that the ambulan ce was passed the traffic light. 
, Measuring the load in each street in the intersect· d • 

. . wn, an give the street with the highest 
load the pnonty of the green light. 

6.5 Conclusion 

Finally at the end of the long work in this project, we built the smart traffic light system, 

and it has efficiently worked in the way we want. We also solve the problems and challenges that 
we faced. 

The general challenges include how to deal with three software programs which is Proteus, 

micro c and X-CTU, another challenge was how to collect all the hardware's and built the 

circuits and the biggest challenge was in the first moment we tum on the system, and start 

finding the way to solve the critical case, which is how to decide the street that the emergency 

vehicle comes from in case the driver trigger the system when he was standing on the traffic 

light. 

And the specific challenges were: 

1) The power reading was changed according to the environment changes. 
· ( .. 1 · ) which is the region where the error 2) Determining the exact gray region (critical region 

appears. 
h th gency vehicle comes from. 3) The ability of determining the street w ere e emer 

. . e our dream and effort in building this 
But at the end of the day it was a nice thing to se 

s :. 3ti work in this group. ystem becomes true also it was an mteres mg 
' 
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ll in few words ..... rd finals1 
Souls of our lovers are the most important thing of our life, nothing can compensate their 

& regret will not change anything and it will be too late if we didn't do something for 
absence, 

this project was built to save their souls by allowing the emergency vehicle to reach the them, so . . 
. d in due course and without problems in heavy traffic. place it nee 

- { 
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PIC18F45 50 

Microcontroller 

Datasheet 



PIC18F4550 Datasheet Snapshots 
~ 

~ 

MICROCHIP PIC18F2455/255014455455 
28/40/44-Pin, High-Performance, Enhanced Fas,, 
USB Microcontrollers with nano Watt Technology 

. al Serial Bus Features: Univers 
V2.0 compliant 

• USB . d (1 5 Mb/s) and Full Speed (12 Mb/s) 
.of,',ki, interrupt, Isochronous ana suik • Supports '> 

, to 32 Endpoints ( 16 bidirectional) 
'7,l oa Access i tor us 
• 

1
- } . USB Transceiver With On-Chip Voltage • On-Chip 

Regulator . . 
rface for Off-Chip USB Transceiver 

• lnte . g Parallel Port (SPP) for USB streaming • streamin . 
transfers (40/44-pin devices only) 

Power-Managed Modes: 
, Run: CPU on, peripherals on 
• Idle: CPU off, peripherals on 
, Sleep: CPU off, peripherals off 
• Idle mode currents down to 5.8 A typical 
·Sleep mode currents down to 0.1 A typical 
• Timer1 Oscillator: 1.1 A typical, 32 kHz, 2V 
• watchdog Timer: 2.1 A typical 
• Two-Speed Oscillator start-up 

Flexible Oscillator Structure: 
• FOur Crystal modes, including High Precision PLL 
for USB 

• Two External Clock modes, up to 48 MHz 
• Internal Oscillator Block: 
-8 user-selectable frequencies, from 31 kHz 
to 8 MHz . 

- User-tunable to compensate for frequency dnft 
• Secondary Oscillator using Timer1 @ 32 kHz 
• Dual Oscillator options allow microcontroller and 

USS module to run at different clock speeds 
• Fail-Safe Clock Monitor: 
Allows for safe shutdown if any dock stops 

Peripheral Highlights: 
• High-Current Sink/Source: 25 mA/25 n 
• Three External Interrupts 
• Four Timer modules (Timer to Timer3) 
• Up to 2 Capture/compare/PWM (CCP) modules: 

- Capture is 16-bit, max. resolution 5.2 ns (TCY/16} 
- Compare is 16-bit, max. resolution 83.3 ns (Tcv) 
- PWM output: PWM resolution is 1 to 10-bit 

• Enhanced Capture/Compare/PWM (ECCP) module: 
- Multiple output modes 
- Selectable polarity 
- Programmable dead lime 
- Auto-shutdown and auto-restart 

• Enhanced USART module: 
- LIN bus support 

• Master Synchronous Serial Port (MSSP) module 
supporting 3-wire SPI (all 4 modes} and PC 
Master and Slave modes 

• 10-bit up to 13-channel Analog-to-Digital Converter 
module (A/D) with Programmable Acquisition Time 

• Dual Analog Comparators with Input Multiplexing 

Special Microcontroller Features: 
• C Compiler Optimized Architecture with optional 

Extended Instruction Set d Fl h 
• 100 000 Erase/Write Cycle Enhance as 

i&aier":,""%,,, as era 1,000,000 Erase 

Memory typical M Retention: > 40 years 
Flash/Data EEPROl der sorti.vare Control Seff-Programmab e un 
Priority Levels for Interrupts Multiplier 
sx a simge-oyte Hard®],,, 
aenaea watanaog ",,',',s o rots 
Pogrammatlee"$"re aon 
Programmable co • "t serial 

ly 5V In-Circuit , 
singe-SuP,, csP") via two pins 
Programming ! aa two pins . 
mn-circuit Debug (G@?"2.% ,, -pin aeices ony) 
Optional dedicated ICD/1 Range (2.0V to 5.5V} 
Wide operating Voltage -- 

----------~-c-::::::::;;:7,-7 _ _:_;=::r~~~P.~~n!:;ITl0 MSSF • f Timers I , f g a6Bit ECCP Master :> E +o.sit [CCPIE sPP spi "jic E g 
AID (ch) (PWM) 2 1/3 

y 

Program Memory Data Memory 
Device 

EEPROM 110 Flash # Single-Word SRAM 
(bytes) Instructions (bytes) (bytes) 

2048 256 24 24 12288 
24 32 16384 2048 256 

24K 12288 2048 

10 
10 
13 

2/0 
20 
1/1 

No y 
y y 2 

2 

®200n , 
JCrochip Technology Inc. 

1/3 



_z. % ( r 
MCLRNPP/RE3 - 0 1 '-......./ 

RAO/ANO • .._ 0 2 40 0 --. 
RATIAN1 + []3 39[] RBTIKsis/Pop 

RA2fAN2NREF-ICVREF ◄ .., 0 4 38 J ~ RB6IKBI2/PGc 
RA3/AN3/VREF+ ◄ .., [] S 37 J ==: RBS/KB111PGM 

nToCKUC1OUT/RCV + [6 36[7%_'©6AN11/socsspep 
,Miss/HLVDIN/C20UT+ LI7 35[1_'93iANgccz(hypo 
{=OiANS;CK1SPP + -=L]8 34[] RB2AN8/INT2yyo ReAsczsPP -=Lo gg ss5/ionrscrso 

RE2AN7CESPP + =L]To g? 32[J+ \,,'12NToFLrorsvsbs 
VDD --- U 11 LL u. 31 D ~ Vss co co 30[] 
Vss . ► lJ 12 0 0 ~9 J -- RD7lSPP71P10 

OSC1/CLKI - LJ 13 0:: i5: '?
8 
-- RD6/SPP6/P1C 

OSC2/CLKO/RA6 -□ 14 ... 0 --- RD5/SPP5/P1B 
RCOIT10SO/T13CKI+ =LJ 15 27 J -- RD4!SPP4 

26 1 ct/T10$1/CCP2/UOE ]16 " RCT/RXIDTISDO 
RC2iCCP1/P1A -- LJ 17 25 J -- RC6/TX/CK 

VUss + =[] 18 24 J -- RCS!D+/VP 
RD0/SPPO "' 1t LJ 1g 23 IJ----. RC4!D-/VM 

22 J .._ RD3/SPP3 RD1/SPPT + L] 20 <lfl< RD2sPP2 

TABLE 1-3: PIC18F4455/4550 PINOUT 1/0 DESCRIPTIONS 

Pin Name 
Pin Number Pin Buffer 

PDIP QFN TQFP Type Type Description 

MCLIWPP/RE3 
MCLR 

VP 
RE3 

18 18 

p 
I 

ST 

ST 

Master Clear (input) or programming voltage (input). 
Master Clear {Reset} input. This pin is an active-low 
Reset to the device. 
Programming voltage input. 
Dig ital input. 

OSC1/CLKI 
OSC1 
CLKI 

13 32 30 

0SC2CLKORA6 
0SC2 

CLKO 

Oscillator crystal or external clock input. 
I Analog Oscillator crystal input or external clock source input 
I Analog External clock source input Always associated with 

pin function OSC 1. (See OSC2/ClKO pin.) 

RA6 

buea: 

14 33 31 Osdllator crystal or clock output. 
Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode. 
In RC mode OSC2 prn outputs CLKO which has 1/4 
the frequency of OSC 1 and denotes the instruction 
cycle rate. 

1/0 TTL General purpose 1/0 pin. 

0 

0 

TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input wi1h CMOS levels I = Input 
O =Output p = Power 

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared. 
:; Default assignment for CCP2 when CCP2MX Configuration bit is set For NC/ICPORTS, the pin is No 

These pins are No Connect unless the ICPRT Conf1gurat!on b!t !5 set. d 
Connect unless ICPRT is set and the DEBUG Configuration bit is cleare · 



E1-3: ABb 
Pin Number SCRIPTIONS (CONTINUE5, 

pin Name Pin Buffer PDIP QFN TQFP Type Type 
Description 

i::::;- 

2 19 PORTA> .., 
ANO 19 Is a bidirectional I/O poff 

RAO 1/0 TT Digital O 
ANO I Analog Analog input 0, 

pt/ANT 3 20 20 
RAT 1/0 TT Digital O 
ANT I Analog Analog input 1. p2IAN2REF-/ 4 21 21 

cVREF 
RA2 1/0 TT Digital O 
AN2 I Analog Analog input 2. VREF I Analog 

ND reference voltage (low) input CREF 0 Analog 
RA3AN3REF+ 5 22 22 Analog comparator reference output 

RA3 1/0 TTL Digital 1/0. 
AN3 I Analog Analog input 3_ VREF+ I Analog ND reference voltage (high) input. RA4/TOCKI/C1OUT/ 6 23 23 

RCV 

RA4 1/0 ST Digital 1/0. TOCKI I ST TimerO external clock input. C10UT 0 - Comparator 1 output. RCV I TTL External USB transceiver RCV input 
RA5/AN4/SS/ 7 24 24 
HLVDIN/C2OUT 

RA5 1/0 TTL Digital 1/0. AN4 I Analog Analog input 4. ss I TTL SPI slave select input. HLVDIN I Analog High/Low-Voltage Detect input. 
C20UT 0 - Comparator 2 output. 

RA6 - - - - - See the OSC2/CLKO/RA6 pin. 

PIC18F4455/4550 PINOUT 1/0 DE 

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input 
0 = Output P = Power 

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared. 
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. 
3: These pins are No Connect unless the JCPRT Configuration bit is set. For NC/ICPORTS, the pin is No 

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared. 



ggE 1O: 

pin Name 

PIC18F4455/4550 PINOUT 1/0 OEsc 
Pin Number - R~IPTIONS (CON 

Poi / arv /r6,]," [g"] "muss; 
Iype 

Description 

gAN12/INTO! 
p_SD#sDA 

RBO 

AN12 
jNT0 
PTO 
SDI 
SDA 

R131/AN10/INT1/SCK/ 
sCL 

RB1 
AN10 

INT1 
SCK 
SCL 

RB2IAN8/INT2V'MO 
RB2 
ANB 
INT2 
VMO 

RB3/AN9/CCP2NPO 
RB3 
AN9 
ccPa) 
VPO 

33 9 8 

34 

35 

36 

RB4/AN11/KBI0/CSSPP 37 
RB4 
AN11 
KBIO 
CSSPP 

RB5/KBl1/PGM 
RB5 
KBl1 
PGM 

RBSIKBI2/PGC 
RB6 
KBI2 
PGC 

RB71KB13JPGO 
RB7 KBIs /O TTL Digital l/O. 
PGO I TTL Interrupt-on-change pin. 

hid n24.2, ) lV9]ST ] omeiitebsoir ind/CSP oarormng @bwr I ![- FIL compatible input cos = cMos compatible input or output 

0 
= Schmitt Tngger input with CMOS levels I = Input 

Note 1: - Output p = Power 

2
: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared. 

Default assignment for CCP2 when CCP2MX Configuration bit is set 
3; These Pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, 

the pin is No 
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared. 

38 

39 

40 

10 

11 

12 

14 

15 

16 

17 

9 

10 

11 

14 

15 

16 

17 

1/0 
I 
I 
I 
I 

1/0 

I/O 
I 
I 

1/0 
1/0 

1/0 
I 
I 
0 

1/0 
I 
I 
0 

1/0 
I 

1/0 

1/0 
I 

110 

TTL 
Analog 
ST 
ST 
ST 
ST 

TTL 
Analog 
ST 
ST 
ST 

TT 
Analog 
ST 

1/0 TTL 
I Analog 

1/0 ST 
O 

TTL 
Analog 
TTL 

TTL 
TTL 
ST 

TTL 
TTL 
ST 

[PORTB is a bidire 
programmed f,,,,,""®\/O port Pon 

ral weak put,,, '@" be sofwand 
on all inputs. 

Digital 1/0 
Analog input 12 
External interrupt o 
Enhanced PwM 
SP! data in 1 Fault input (ECCP1 mod I 
C"data vo. Jule), 

Digital 1/0 
Analog input 10 
tomat iitemupt1. 
ynchronous serial clock in 

Synchronous serial clo k. put/output for SPI mode 
C input/output for -c mode e. 

Digital 1/0. 
Analog input 8. 
External interrupt 2. 
External USS transceiver VMO output 

Digital 1/0. 
Analog input g_ 
"g ? guccompare 2 oouvPww 2 oup 

erna USB transceiver VPO output. · 

Dcgital 1/0. 
Analog input 11. 
Interrupt-an-change pin. 
SPP chip select controf output. 

Digital 1/0. 
Interrupt-on-change pin. 
Low-Voltage ICSP" Programming enable pin. 

Digital /O. 
Interrupt-on-change pin. 
In-Circuit Debugger and !CSP programming clock pin. 



LE1-3: PIC18F4455/4550 PINOUTIIO DE 
AB 

. 
SCRIP TIONS (CONTINUE Pin Number 

pPin Name Pin Butter PDIP QFN TQFP Type Type 
Description i::;:;- 

pc/T 10so/T13CKI 15 34 32 PORTC is a bid 
Ihirectional I/O por 

pRCO 1/0 ST Digital 1/0. noso 0 - ~mer1 oscillator output T1aCKI I ST 
jcITOSICCP2/ 16 35 35 imer 1/Timer3 external clock in 

ioe 
RCT 1/0 ST Digital 1/0. TOSI I CMOS Timer1 oscillator input. ccP) 1/0 ST 
voE 0 Capture 2 inpuUCompare - External USS transceiver ~utpuUPWM 2 output. RC2/CCP1/P1A 17 36 36 output. · 
RC2 1/0 ST Digitall/0. ccP1 I/O ST Capture 1 input/Compare 1 . P1A 0 TTL Enhanced ccrPt +Pw ,,"\uUPwM 1 output. 

RCA/D-NM 23 42 42 u pu. channel A. , 
RC4 I TTL Digital input. D- 1/0 - USB differential minus line (input/output) VM I TTL 

RC5/D+NP 24 43 43 
External USB transceiver VM input. ' 

RC5 I TTL Digital input. D+ I/O - USB differential plus line (inpuVoutput). VP I TTL External USS transceiver VP input. 
RC6/TX/CK 25 44 44 

RC6 1/0 ST Digital 1/0. 
TX 0 - EU SART asynchronous transmit CK 1/0 ST EUSART synchronous clock (see RX/OT). 

RC7/RX/DT/SDO 26 1 1 
RC7 110 ST Digital 1/0. 
RX I ST EUSART asynchronous receive. DT 1/0 ST EUSART synchronous data (see TX/CK) 
SDO 0 - SPI data out. 

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input 
0 = Output P = Power 

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared. 
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. 
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No 

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared. 



5LE 1-3: PIC18F4455/4550 PINOUT I/O DEscR; 
TA PTIONs (coNrNuz, Pin Number 

Pin pin Name Buffer PDIP QFN TQFP Type Type 
Description p 

PORTD is a bid directional /O 
Parallel Port (SPP). Those port or a Streaming 

psPPO 19 38 38 when e sPF modus s d2?"®®'-mot'arears 
RO 1/0 ST Digital O spPPO 1/0 TT Streaming Parallel Port d t pt/SPP1 20 39 39 aa, 
RD1 1/0 ST Digital /O SPP1 1/0 TT Streaming Parallel Port data. RD02/SPP2 21 40 40 
RD2 1/0 ST Digital uO sPP2 I/O TTL Streaming Parallel Port data. RD3/$PP3 22 41 41 
RD3 1/0 ST Digital 1/0. SPP3 110 TTL Streaming Parallel Port data. 

RD4ISPP4 27 2 2 
RD4 110 ST Digital 1/0. SPP4 1/0 TTL Streaming Parallel Port data. 

RD5/SPP5/P1B 28 3 3 
RD5 1/0 ST Digital 1/0. SPP5 1/0 TTL Streaming Parallel Port data. P1B 0 - Enhanced CCP1 PWM output, channel B. RD6/SPP6/P1 C 29 4 4 
RD6 1/0 ST Digital 1/0. SPP6 1/0 TTL Streaming Parallel Port data. PIC 0 - Enhanced CCP1 PWM output, channel C. 

RD7/SPP7 /P1 D 30 5 5 
RD7 110 ST Digital 1/0. 
SPP7 1/0 TTL Streaming Parallel Port data. PID 0 ooo, Enhanced CCP1 PWM output, channel D. 

Legend: TTL = TTL compatible input CMOS= CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input 
0 = Output P = Power 

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared. 
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. 
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No 

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared. 



E 1-3" PIC18F4455/4550 PINOUT 110 oesc rAB! 
RIP TIONS (CONTINUE6 Pin Number 

pPin Name Pin Buffer ) 
PDIP QFN TQFP Type Type 

Description - 
:::::--- 

PORTE is a bidirectional 1/0 pEOAN5/CK 1SPP 8 25 25 port 
REO 110 ST Digital 1/0. AN5 I Analog Analog input 5 cxKISPP 0 - SPP clock 1 output, EtANS\CK2SPP 9 26 26 
RE1 l/0 ST Digital 1/0. AN6 I Analog Analog input 6. cK2SPP 0 - SPP clock 2 output. Rf2.'AN7!0ESPP 10 27 27 
RE2 1/0 ST Digital 1/0. AN7 I Analog Analog input 7. OESPP 0 - SPP output enable output. - RE3 See MCLR/\IPP/RE3 pin. ss 12,31 6, 30, 6, 29 p 

Ground reference for logic and 1/0 pins. 31 
voo 11, 32 7,8, 7, 28 p 

Positive supply for logic and 110 pins. 28,29 
WS5 18 37 3T 0 Internal USB 3.3V voltage regulator output NCCCKICPGCPI 12 

No Connect or dedicated lcD/iCsP' port clock ICCK 1/0 ST In-Circuit Debugger dock. ICPGC l/0 ST ICSP programming clock. 
NCICDTACP GD) - - 13 No Connect or dedicated ICD/ICSP port dock. ICDT 1/0 ST In-Circuit Debugger data. ICPGD 110 ST !CSP programming data. 
NCICRSTICVPp(3) - - 33 No Connect or dedicated IC0/ICSP port Reset 

ICRST I - Master Clear {Reset) input. ICVPP p e Programming voltage input 
NC»CPORT S®) - - 34 p - No Connect or 28-pin device emulation. 

ICPORTS Enable 28-pin device emulation when connected 
tovss. 

NC 13 - - - No Connect 
legend: m = TTL compatible input CMOS = CMOS compatible mput or output 

ST = Schmitt Trigger input with CMOS levels I = Input 
0 = Output P = Power 

Note 1: Ntemate assignment for CCP2 when CCP21v1X Configuration bit is cleared. 
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. . _ 
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICP0RTS, the pin is No 

Connect unless ICPRT is set and the DEBUG Configuration bit is cleared. 



1!5E 1.2: PIC18F4455/4550 (40/44-PIN) BL 
f10U" 0CK DIAGRAM ,7 Data Bus<.I:.. rr~ ::>ortcr-2f" 

t I s ·a ] ircdclogc ' 

I FCLAruj t-t.1.A1H 
A 

' 20 
PCIJ P()-1 
Pi0gram CJurt.en 

Address Latch 
Progran t✓.cmory 
(24'32. KJ;ykl:i) 

Data :ctch 

8 

ST<PTR 

llUeLatcn 

L 

P.EO!.I\N12,1N11>1FLTtvsD113c\A, 
R81/AN I Q/fNT11SCi<iSCL 
RE2i/\N8/INT2NMO 
HE3AN9ICCP2jypo 
RE-1/AN11/K810:csspp 
P.851KB1 ll?GM 
RP.li,l<A171Pc;r, 

J....J... ...Lr t,--, ..J;.'I P.E71KBl31?GD. 

balm\ OMlstch 3/ Address 
Instruction Bus <t 6> L.:ecooe PORTC 

IR 

lnslmr.tion 
DEcode& 
Control 

i 

RA01AN0 
R.A.11AN1 

{22gs en» 
~ 3/'/r..cr ... 

HP.41 IUCK11•·1uu I 
RAg 9 /RCV ,,2!@s- vvco.r 

v.uC1..t,O/RP,6 

State Maciinc 
Ct.,nfrul Siy11als 

RCO.'T10SC/T13Ckl 
RC IT10sCcP2\)jO= 
Rr.7:r.r.=>1/P1A - 
P.C4.'D-l'/M 
RC5:0+N=> 
RC6ffXJC;< 
HC/,'1-00Ul~c.JO 

\W,'ls; 

osc1? 
QSC2(ZJ 

T10SI 

TI0SO 

ICt'C;L•(:)i 

ICPG()l3i 

ICRST:JI 

NQR(IJ 

\tisa 

5 Lata 
E:PRCM VO 

Porer-up 
Timer 

Oscillator 
start-up ThHr 

Paet-or 
Reset 

Wctchdcg 
Timer 

Brov.n-out 
Reset 

Fail-Safe 
Cloe< Monitor 

USB Vullage 
Reoulator 

Eand Gap 
Reference 

rornc m P.EO/AN5/CJ<1SPF 
RE1JAN6/CK2SPP 

· RE2/AN7/0ESPP 
MCLRNPF/RE3<1l 

umeru j ,wa1 I I imerz 

P.DO:SPPO:R04/SPP4 
RD5:SPP5/P18 
RD6:SPP6/P IC 
RD7:SPP7/P1D 

EA ] 
kote 1: "t1 . -- th .-.--CLR Re5°t3 are disabled. . d • di"iial 1/0 Refer ·' v1smu1tple::e:lmt11l'vlCLRandi:;c,nl:(a,·aifablew,,en e_"' : d tientheseoinsarenotbemouse a~ ~ · 2: ?8C1fCL <I and OSC2'CLKO are onlY available in ~elect o_scillator _mode~ ar v, . 

1 
t-eatures 

J•. :o Section 2.0 "Osciilator Configurations" for additional mform:ition. . Keler 10 section Z!l.!I "S;>E:Clil! ICl'OH 
I tese pins are on1Y avaI aore on 44-P'O I UH-' pac~aoes under cert::rn cooctmons. ' 

◄: !Oe~ignat~d Packages Only)• hr ::iddiliomil nf:>rmatio.1. 
~6~ Is ltle attemate pn rorcc='2 mu1r:p1ex1rg. 



O ELECTRICAL CHARACTERISTICS 
2%. 

iute Maximum Ratings<t) 
biso 

. rttenlPerature under bias .... ·······-··················· 

::c tcmpcrattre ······························-···············•·--:::::~:::::::::::::::::........ ····-·································- .~o·c to +85¢ 
atage on an}y' pin with -espe:::t to Vss (excep: Voo, MClR and RA4) .... ···········••...................... ss•c to +150¢ 

Voftageon Voo wtth res::>ect to Vss ······-······························••................. ·············· ·0.3V to (Voo + 0.3V1 

WlliiYeull MCLR ·Nilll lt:!!;IJeU Lu Vs:; (Nole 2) ·················································:~::· ········• -0.3V to +7.5 
""'I pC\ver cisstpation (Note 1) _ ov Lu 13.25v 
;;mum current out ofVss pin .........•.................... ················-························-::• _ 1.0,11· 
Maximum current nto VJD pin········································· - ·······················- ··········•· .. ······•- 300 mA 

utclamp current frK NI< 0 orV. > Yeo) . . . ············•· .. ·······-·:··•• 250 mA 111P • ·······-··-·-·•- ~ . 
ut ·ramp currenL lei< (Vo< 0 cr Vo > Vbc,) • . . • ±20 mA Ou!P \, .. ·-- .. 

: uput current sunk by any 1/0 pin · ±20 mA M3X!mum O . ·······••·· . 

Maimtum orput current sured by any IO pn -------»-...25 mA 
75 mA Maximum current sunk by all ports .....•....................... ·············-······················ 

Maximum current sourced by au perts - :·,-·············-··············:::::::::::::::::::~:::::::::::::~~~:: 

Note 1: Power dissipation is calculated as follows: 
PdIs = VDD X {IDD-2 1OH} + E {(VDD - VOH) X 10H} + 2{VOL x IOL) 

2: Voltaoe spikes below ss al the MClRiVPr>/RE3 Din. inducino currents □reater than 80 mA, may cause 
latch-up. Thus, a series resistor of 50-1 DOU should be used when ;;;pplying a "low' level to the \ilCLPJVpp,r 
RE3 pin, rather than pulling this pin directly ta Vss. 

t NOTICE: Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other c-onditions above those 
indicated in the operation listings c,f this specification is r.ot imJlied. Expcsure 10 ma<imum rating conditions for 
etended periods may affect device reliability. 



Appendix B 
Codes 



~------------ 
ntral PIC code · ------ Ce unsigned long Time_l=500; 

const unsigned long Time_2=800; 
~~t si·gned long Time 3=1500; t un 
cons nsigned long Time 4=5000; const u 
par cnt=0; 

cI rt=O: har sta e- , 
c O· ar flag= I 

c 'd interrupt () vol 
I 
char tmp; 

if (INTCON. Fl==l) 
{ 
INTCON.F1=0; // clears (external interrupt) 
} 

//--------- 
if (PIRl. RCI F==l) // If there is something in RX buffer 

I 
PIRl.RCIF=0 ; / /Clear flag 
tmp=RCREG ; 

switch (state) 
{ 
case 0: {if (tmp==' *') state=l;break;} 
case 1: { 

if ( tmp== 'A' ) 
{ 

PORTB = 0b01001001; 
PORTO = 0; 
delay ms (Time 1) ; 
PORTB -= 0b0l 001010; 
PORTO = 0; 
delay_ms (Time 2); 
PORTB = 0b01001100; 
PORTO = 0; 
delay_ms (Time 4); 

} - 
else if (tmp==' B') 
{ 

PORTB = 0b01001001; 
PORTD = 0; 
delay_ms (Time 1); 
FORT = 0bO10T0001; 
PORTD = 0; 
ielay_ms (Time 2); 
ORTB = 0b0llOOOOl · oRTD = o. 
®lay_s (s _ 1.me _ 4); 

} 

else if (tmp=='C') 
{ 

"OR» 
PORT - Ob0l0OlOOl; D =  de], > 
,,s (Tr±me_1) , TB  "o, ] 9b10061001; 
de]. 0; 

ay_ms (Time_ 2) ; 



0001ou1; , 059 464, 
• - I 4) • =· -v - ·me ' ;' .4(Ti 

' l ;break; ) te= sta 

·d main() 
rols .72: 

CoN==Ox ' sC 

l; 
pIEl,RCIE = 1; 
INTCON. PEIE 
I E = 1; INTCON,Gl 

TRISB==O; 
TRISC=O i 
TRISO=O; 
PORTB=O; 
pQRTO==O i 
PORTC=O; 
UARTl Init ( 9 600) ; 
while ( 1) 
I 

PORTB = Ob01001001 i 
PORTO = 0; 
delay ms (Time_ l l ; 
PoRTB= 0b01001010 i 
PORTO = 0; 
delay ms(Time_2); 
PORTB= 0b01001100; 
PORTO = 0; 
delay_ms(Time_3); 

PORTB = Ob01001001; 
PORTO = 0; 
delay ms (Time 1) ; 
PoRTB"= 0b01070001; 
PORTO = 0; 
delay ms (Time 2) ; 
PORTB= 0O1160001; 
PORTO = O; 
delay_ms(Time_3); 

PORTB = Ob01001001; 
PORTO = O; 
delay ms (Time 1); 
FORT= O10061001; 
PORTO = O; 
delay_ms (Time_2); 
PORT = 0b00001001; 
PORTO = 1; 
delay_ms(Time_3); 

) //close while loop 
) //close void main 



., 1-;:ttcn(&PORTB, O, 50, 0)) 

.... ,w 
~:3.:l iirite_Text ("Emergency") ; 
rs 500l7 

: //close --hile loop 
i I /close void main 



SWETCH PIC CODE · 
void main ( ) { 
OSCCON=Ox72; 
TRISA=1; 
PORTA=O; 
PORTB=O; 
TRISB=l; 

UART1_Init (9600); 
while(l) 
{ 

if(button(&PORTB, 0,50,0)) 
{ 

UART1_Write_Text ("Emergency"); 
delay_ms (5000); 
} 

//close while loop 
//close void main 


